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SUMMARY 
 
Since the 1960s, the necessity of preserving and protecting our nation’s coastal waters 
has been recognized. The nation has worked diligently to enact legislation (the CWA and 
CZMA) and develop programs (e.g., NEPs and the NERR system) and initiatives to 
protect our coastal environment. As a result, plans and environmental assessment 
programs have been developed to prevent further degradation and address ways to 
improve ecosystems. 
 
In 1993, GRPA called for “Federal agencies to undertake efforts to measure their 
performance and the effectiveness of their programs” (The Heinz Center, 2003). In 
response, a series of indicators were developed that could track the effectiveness of these 
programs and provide quantifiable measures that demonstrate the response of our 
nation’s coastal waters. Since the enactment of GPRA, programs such as EPA’s NCA 
have been implemented to measure improvement of coastal estuaries nationwide. 
 
In support of programs and initiatives focused on preserving, protecting, restoring, and 
improving estuaries, EPA has developed this “Indicator Development for Estuaries” 
manual to help further those efforts. As previously stated, the intent of this manual is to 
provide an interactive process, considerations, and lessons learned to assist coastal and 
estuarine programs, including the NEPs, in ecological and environmental indicator 
development on a local, regional, or national level.  
 
To summarize this manual and provide assistance to programs, the following checklist is 
provided as a supporting tool for indicator development, covering the important areas of 
program planning through implementation and reassessment. Additionally, three case 
studies have been included in Appendix A to demonstrate how local and regional 
programs have conducted their indicator development process. 
 
Finally, Appendices B and C are included as supplemental information to assist programs 
with their indicator development. Appendix B lists some of the indicators chosen by 
various programs, including NEPs. Appendix C lists some available resources on 
indicator development. This list is not meant to be all inclusive, but rather a sampling of 
available documents.  
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INDICATOR DEVELOPMENT CHECKLIST 

Check 
Box Steps/Considerations 

 Program Planning (unless already conducted as part of the estuaries 
CCMP development) 

 • Decide on the spatial scale of the program 
 • Convene a steering committee 
 • Reach agreement or consensus on the purpose and need for indicators 
 • Identify the key issues  
 • Develop management objectives 
 • Define questions to be answered by indicators 
 • Conduct baseline assessment on each issue 
 Conceptual Models Development 
 • Determine the type of conceptual model to use 
 • Develop conceptual models for each issue 
 Indicator Specification 
 • Collect information on monitoring programs being conducted in the area 

(e.g., who, what, where, when, how often, using what methods) 
 • Determine how indicators should be selected (e.g., based on parameters 

already being monitored; scientifically sound parameters) 
 • Develop possible indicators list 
 
 

 

 

 

• Select indicators to answer key questions based on the following criteria: 
- Conceptual relevance/soundness—Is the indicator relevant to the 

assessment question and to the resource at risk? Scientifically 
sound? 

- Feasibility of implementation (current and future)—Are the 
methods for long-term sampling and measuring the environmental 
variables technically feasible, appropriate, and efficient for 
monitoring use? 

- Response variability—Are human errors of measurement and 
natural variability over time and space sufficiently understood and 
documented? 

- Interpretation and utility—Will the indicator convey information on 
resource conditions that is meaningful to environmental decision-
makers? Is the indicator currently monitored and likely to be 
monitored in the future? Sustainable indicators. 

 Monitoring Plan Development and Modification 
 • Develop or revise current monitoring plan to incorporate selected 

indicators 
 • Identify indicators critical to the evaluation of monitoring program 

performance 
 • Design and implement data management plan 
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INDICATOR DEVELOPMENT CHECKLIST (Continued) 

Check 
Box Steps/Considerations 

 Indicator Implementation 
 • Formally adopt program 
 • Obtain funding 
 • Initiate communication among organizations 
 • Convene an implementation oversight committee 
 • Develop a data analysis and assessment plan 
 • Implement the monitoring plan 
 • Report indicator findings 
 Indicator Reassessment 
 • Reassess selected indicators a minimum of every 5 years  
 



SUMMARY 
 

 
70 

 
 
 
 
 
 
 
 
 
 
 

[This page left intentionally blank]



 

 
71 

REFERENCES 
 
ANCMS (Atlantic Northwest Coastal Monitoring Summit). 2003. ANCM Summit Fact 
Sheet #1. February 2003. http://www.gulfofmaine.org/nciw/Fact_Sheet.pdf  
 
Bertram, P. and N. Stadler-Salt. 2000. Selection of Indicators for Great Lakes Basin 
Ecosystem Health. Version 4. For the State of the Lakes Ecosystem Conference. March 
2000. 
 
Bricker, S.B., C.G. Clement, D.E. Pirahalla, S.P. Orlando, and D.R.G. Farrow, 1999. 
National Estuarine Eutrophication Assessment: Effects of Nutrient Enrichment in the 
Nation’s Estuaries. NOAA, National Ocean Service, Special Projects Office and the 
National Centers for Coastal Ocean Science. Silver Spring, MD, 71 pp. 
 
Bricker, S.B., J.G. Ferreira, and T. Simas. 2003. An Integrated Methodology for 
Assessment of Estuarine Trophic Status. Ecol. Modeling 169: 39-60. 
 
Buzzards Bay Project National Estuary Program. 1999. Bay Watchers II. Nutrient 
Related Water Quality of Buzzards Bay Embayments: A Synthesis of Baywatchers 
Monitoring 1992-1998. The Coalition for Buzzards Bay. December, 1999. 
 
Casco Bay Estuary Partnership. 2005. State of the Bay 2005. U.S. EPA. Fall 2005.  
 
CBBEP (Coastal Bend Bays Estuary Program). 1998. Implementation Strategy for the 
Coastal Bend Bays Plan. Coastal Bend Bays Estuary Program. SFR-60/CBBEP-2. 
August 1998.  
 
CHNEP (Charlotte Harbor National Estuary Program). 2004. Draft Environmental 
Indicators for the Charlotte Harbor National Estuary Program. Technical Report 04-4. 
North Fort Myers, FL. May 26, 2004. 
 
Cobb, C.W. and C. Rixford. 1998. Redefining Progress: Lessons Learned From The 
History of Social Indicators. November 1998. 
 
Diaz, R.J. and R. Rosenberg, 1995. Marine Benthic Hypoxia: A Review of its Ecological 
Effects and the Behavioral Responses of Benthic Macrofauna. Oceanography and Marine 
Biology: An Annual Review 33:245-303. 
 
EMAP. 1994. Environmental Monitoring and Assessment Program: Indicator 
Development Strategy. Barber, M.C., ed. Office of Research and Development, 
Environmental Research Laboratory. Athens, GA. EPA/620/R-94/002. 
 
Environment Canada. 2005. SOLEC 2000. Retrieved February 10, 2005, from 
http://www.on.ec.gc.ca/solec/solec2000-e.html 

http://www.gulfofmaine.org/nciw/Fact_Sheet.pdf
http://www.on.ec.gc.ca/solec/solec2000-e.html


REFERENCES 
  

 
72 

 
EPA (U.S. Environmental Protection Agency). 1992. Monitoring Guidance for the 
National Estuary Program: Final. U.S. Environmental Protection Agency, Office of 
Water (WH-556F). EPA 842-B-92-004. September 1992. 
 
EPA. 1993. National Estuary Program Guidance: Base Program Analysis. U.S. 
Environmental Protection Agency. Office of Water (WH556F). EPA 842-B-93-00. 
March 1993. 
 
EPA. 1994. Measuring Progress of Estuary Programs: A Manual. U.S. Environmental 
Protection Agency, Office of Water (4504F). EPA 842-B-94-008. November 1994. 
 
EPA. 1995. A Conceptual Framework to Support Development and Use of 
Environmental Information in Decision-Making. EPA 239-R-95-012. United States 
Environmental Protection Agency, Office of Policy Planning and Evaluation, April, 
1995. 
 
EPA 2000a. Section 320, Amendment to the Clean Water Act, 1987. U.S. Environmental 
Protection Agency. Washington, DC. January 2000. 
 
 
EPA 2000b. Evaluation Guidelines for Ecological Indicators. Office of Research and 
Development. Washington, D.C. EPA/620/R-99/005. May 2000. 
 
EPA. 2001. National Coastal Condition Report I. U.S. Environmental Protection Agency, 
Office of Research and Development/Office of Water, Washington, DC 20460. EPA-
620/R-01/005, September 2001. http://www.epa.gov/owow/oceans/nccr/downloads.html  
 
EPA. 2003a. Usefulness of National Estuary Program (NEP) Data as National 
Environmental Indicators. U.S. Environmental Protection Agency, Ocean and Coastal 
Protection Division. Prepared by Battelle under Contract 68-C-03-041, WA0-12. 
September 5, 2003. 
 
EPA. 2003b. Draft Report on the Environment 2003. Technical Document. Appendix D. 
Glossary of Terms. U.S. Environmental Protection Agency. Washington, DC. 
 
EPA. 2003c. Successful Coastal Management Solutions. National Estuary Program. U.S. 
Environmental Protection Agency. Washington, DC. 
 
EPA. 2004. Great Lakes National Program Office. Retrieved November 2004, from 
http://www.epa.gov/glnpo/about.html. 
 
EPA. 2005a. Environmental Indicators Initiative. Retrieved February 10, 2005, from 
http://www.epa.gov/indicators/. 
 

http://www.epa.gov/owow/oceans/nccr/downloads.html
http://www.epa.gov/glnpo/about.html
http://www.epa.gov/indicators/


REFERENCES 
 
 

 
73 

EPA. 2005b. National Coastal Condition Report II. U.S. Environmental Protection 
Agency, Office of Research and Development/Office of Water, Washington, DC 20460. 
EPA-620/R-03/002, December 2004. Retrieved February 15, 2004, from 
http://www.epa.gov/owow/oceans/nccr2/.  
 
EPA. 2005c. Community-Based Watershed Management. Lessons Learned From The 
National Estuary Program. U.S. Environmental Protection Agency. Washington, DC. 
 
GBEP (Galveston Bay Estuary Program). 2004. Galveston Bay Estuary Program’s 
Preliminary List of Indicators. Supplied to the U.S. Environmental Protection Agency. 
October 12, 2004. 
 
Karr, J.R. 1981. Assessment of biotic integrity using fish communities. Fisheries 6:21-27. 
 
Karr, J.R., K.D. Fausch, P.L. Angermeier, P.R. Yant, and I.J. Schlosser. 1986. Assessing 
biological integrity in running waters: a method and its rationale. Illinois Natural History 
Survey Special Publication 5, Urbana Illinois.  
 
MWRA (Massachusetts Water Resources Authority). 2002. The State of Boston Harbor: 
Mapping the Harbor’s Recovery. MWRA. 2002. 
 
MWRA. 2006. “5 Year Progress Report: 2000-2004”. MWRA report to Governor and 
Legislature. January, 2006. 
 
NCIW (Northeast Coastal Indicators Workshop). 2004. National Indicator Development 
Initiatives. Background paper developed by the NCIW Steering Committee.  
 
Nixon, S.W., 1995. Coastal Marine Eutrophication: A Definition, Social Causes, and 
Future Concerns. Ophelia 41: 199-219. 
 
NOAA (National Oceanic and Atmospheric Administration). 2005. Coastal Zone 
Management Act of 1972. Retrieved February 10, 2005, from 
http://coastalmanagement.noaa.gov/czm/czm_act.html. 
 
NPS (National Park Service). 2003. NPS Natural Resources Monitoring web site, 
http://science.nature.nps.gov/im/monitor 
 
NRC (National Research Council). 1990. Managing Troubled Waters: The Role of 
Marine Environmental Monitoring. National Academy Press, Washington, D.C.  
 
NRC. 2000. Ecological Indicators for the Nation. National Academy Press, Washington, 
DC. 
 
OECD (Organisation for Economic Co-operation and Development). 1993. Core Set of 
Indicators for Environmental Performance Reviews. Environmental Monograph No. 83. 
 

http://www.epa.gov/owow/oceans/nccr2/
http://coastalmanagement.noaa.gov/czm/czm_act.html
http://science.nature.nps.gov/im/monitor


REFERENCES 
  

 
74 

Otero, E. 2002. Environmental Indicators on the San Juan Bay Estuary (EISJBE). Draft 
Document 5-8-02. 
 
Pidot, L. 2003. Tapping the Indicators Knowledge-base: “Lessons Learned” by 
developers of environmental indicators Report and Supplement – The interviews. 
Prepared for the State of the Gulf Summit Steering Committee. Maine State Planning 
Office. August 2003. 
 
PNNL (Pacific Northwest National Laboratory). 2005. Visual Sampling Plan (VSP) 
Description. http://dqo.pnl.gov/vsp/vspdesc.htm. 
 
Price. K.S. and S. Huerta. 2001. Proposed Indicators for the Inland Bays. Delaware 
Inland Bays Program, Center for the Inland Bays. July13, 2001. 
 
Random House. 2001. Random House Webster’s Unabridged Dictionary, Second 
Edition. 
 
San Francisco Estuary Project. 1999. Bay-Delta Environmental Report Card. San 
Francisco Estuary Project. CCMP Workbook. March, 1999. 
 
San Francisco Estuary Project. 2002. State of the Estuary: A Report on Conditions and 
Problems in the San Francisco/Sacramento-San Joaquin Delta Estuary. San Francisco 
Estuary Project. Prepared by the Association of Bay Area Governments (Oakland, CA), 
in cooperation with U.S. EPA. June, 2002. 
 
SCCWRP (Southern California Coastal Water Research Project). 2005. Southern 
California Coastal Water Research Project home page at http://www.sccwrp.org/. 
 
SFEI (San Francisco Estuary Institute). 1999. Regional Monitoring Program (RMP) for 
Trace Substances. 1997 Annual Report. SFEI. June, 1999. 
 
SFEI. 2005. Pulse of the Estuary 2005: Monitoring and Managing Water Quality in the 
San Francisco Estuary. SFEI. 2005. 
 
SOLEC (State of the Great Lakes Ecosystem Conference). 2004. State of the Great Lakes 
2005 – Draft. Draft Discussion at SOLEC 2004, October 6-8, 2004.  
 
TEP (Tillamook Bay National Estuary Program). N.D. Indicator Development Process. 
Table and Summary supplied to the U.S. Environmental Protection Agency in 2004. 
 
The Heinz Center. 2003. The Coastal Zone Management Act: Developing a Framework 
for Identifying Performance Indicators. The H. John Heinz III Center for Science, 
Economics and the Environment.  
 

http://dqo.pnl.gov/vsp/vspdesc.htm
http://www.sccwrp.org/


REFERENCES 
 
 

 
75 

U.S. Commission on Ocean Policy. 2004. An Ocean Blueprint for the 21st Century. Final 
Report of the U.S. Commission on Ocean Policy – Pre-Publication Copy. Washington, 
DC. 2004. 
 
Weisberg, S. 2002. Cooperative Regional Monitoring: Is it worth the trouble? 
Presentation given by Steve Weisberg at the Atlantic Northwest Coastal Monitoring 
Summit. December 2002. 
 


	Cover
	Summary
	References



